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ABSTRACT 
Hannah Gordon Leker: Relationship between race and community water and sewer service in 
North Carolina 
(Under the direction of Jacqueline MacDonald Gibson) 
 
 Previous studies have documented racial disparities in community water and sewer 
services on fringes of North Carolina (NC) municipalities, but the magnitude of such disparities 
is unknown. This project used public records of water and sewer pipelines in 75 of 100 NC 
counties to identify municipal fringe populations lacking utility services. Of 432,200 people in 
municipal fringe areas in these counties, 67% and 33% lacked community sewer and water 
service, respectively. Majority African American areas had higher population densities and lower 
median home values than other unserved areas. Blocks with African American population 
proportions above the statewide mean were less likely (OR=0.76, p<0.001) to have water service 
than those with nonzero but smaller African American populations. However, areas without 
African American populations had the lowest odds of both services. Findings suggest two 
unserved groups of differing racial and socioeconomic status and greater racial disparities in 
community water service than sewer.  
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1. INTRODUCTION 
The introduction of water and sewer services to the United States in the early 20th century 
drastically reduced the incidence of waterborne disease. It has been estimated that clean water 
infrastructure and technology advancements during this period, including water filtration and 
chlorination services, contributed to approximately 50% of total observed mortality reduction, 
and 75% of infant mortality reduction in large U.S. cities (Cutler & Miller, 2005). While this 
public health infrastructure has been instrumental in reducing waterborne disease incidence and 
mortality throughout the United States, there is evidence that African American communities on 
the fringes of North Carolina municipalities have been historically excluded from regulated and 
monitored community water and sewer services (Gilbert, 2013; Johnson, Parnell, Joyner, 
Christman, & Marsh, 2004; Joyner & Christman, 2005; MacDonald Gibson, DeFelice, Sebastian, 
& Leker, 2014; Wilson, Heaney, Cooper, & Wilson, 2008a). These communities rely instead on 
individual wells and septic systems despite their close proximity to municipal utilities   National 
EPA drinking water regulations do not apply to individual water sources such as wells. While 
installation is typically regulated by the state, well owners are generally responsible for their own 
well maintenance, water treatment, and monitoring (Craun et al., 2010).  
Multiple previous studies suggest that in some communities, individual on-site septic 
tanks and wells can pose higher health risks than treated and regulated community water and 
sewer services. Annual reports of drinking water outbreaks from 1971 to 2006 show that the 
proportion of such outbreaks in public, shared systems decreased over this 35-year time span, 
while the proportion of outbreaks in individual systems has increased (Craun et al., 2010). A 
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recent U.S. Geological Survey study of about 2,100 private wells in 48 states found that 23% had 
at least 1 chemical contaminant above health-based guidelines, 34% were positive for total 
coliforms, and 8% were positive for E. coli (VanDerslice, 2011).  In a survey of wells and septic 
tanks in the Rogers-Eubanks Neighborhood, located on the municipal fringe in Orange County, 
NC, 10 out 11 water wells tested exceeded at least one water quality standard, and only 47% of 
the 45 septic systems tested were compliant with all operation and maintenance guidelines 
(Orange County Health Department, 2010). In response to community member concerns in three 
low-income African American communities in and around Mebane, NC as well as historical 
institutional denial of amenities to African American communities, a 2011 study used 
community-owned and –managed research to examine water and sewer services in these three 
communities. This study found failing private wells and septic tanks, water pollution levels 
exceeding health protective limits, and wells located closer to septic tanks and drainage lines 
than allowed by the Orange County Board of Health (Heaney et al., 2011).  
These studies documenting relatively high rates of contaminant occurrence in private 
wells suggest that those served by individual systems face greater waterborne health risks than 
those served by community systems.  In North Carolina, many people served by individual 
private septic systems and water systems live in rural areas where homes are far apart and 
extending community water and sewer lines would be cost prohibitive. However, some 
communities relying on individual on-site water and sewer systems are located in more densely 
populated regions just outside of municipal boundaries (Gilbert, 2013; Parnell, Joyner, 
Christman, & Marsh, 2004).  Some of these communities are fully encircled by municipalities. 
Previous studies have documented racial minority groups that have been excluded from 
municipal boundaries as the municipality grows around them, and geographer Charles Aiken 
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created the term “Underbounding” to describe this effect (Aiken, 1987). In the southern United 
States these underbounded communities are mostly African American communities residing on 
the fringes of municipalities. They are outside of municipal boundaries and do not receive 
infrastructure, such as community water and sewer services, that municipal residents do. 
The extent and scope of racial disparities in community water and sewer service levels 
have not yet been systematically and quantitatively examined for the state of North Carolina as a 
whole. Little is known about the state-wide extent of racial disparities in community water and 
sewer services in the North Carolina municipal fringe or about the overall geographic 
distribution of underbounded communities without community water and sewer service. The 
differences between majority African American fringe communities and other fringe 
communities without service have not been studied. This research seeks to fill these gaps in the 
current knowledge through a quantitative state-wide analysis of the relationship between race 
and community water and sewer service levels on the fringes of North Carolina cities and towns 
using publically available data.  The objectives of this study are to (1) identify publically 
available databases with information on community water and sewer service levels, (2) using 
these databases, identify communities in municipal fringe areas lacking water and sewer 
services, and (3) assess the role of race in access to community water and sewer services in 
municipal fringe communities. 
1.1 Background 
In North Carolina, underbounded communities are often located in the extraterritorial 
jurisdiction (ETJ) of towns and cities. The ETJ is an area outside of municipal limits, but which 
is still subject to a municipality’s development and planning regulations. The ETJ can extend 1 - 
3 miles outside of city limits depending on city size (North Carolina General Assembly, Article 
19). Despite their close proximity to town boundaries and the city zoning and land use power 
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over these areas, municipal governments are not required to provide city services (including 
water and sewer service, trash collection, and police and fire protection) to households in the 
ETJ, although they may choose to do so. In addition, ETJ residents cannot vote in municipal 
elections. In this research, the ETJ is used to represent areas on the fringes of North Carolina 
municipalities containing communities that may be underbounded and lacking community water 
and sewer services. Case studies throughout North Carolina have examined the effects of 
municipal underbounding and exclusion on African American communities in the state (Gilbert, 
2013; Marsh, Parnell, & Joyner, 2013; Parnell, Joyner, Christman, & Marsh, 2004; UNC Center 
for Civil Rights, 2006). These studies have illustrated the existence of municipal underbounding 
in smaller Southern towns around which African American communities have developed as a 
result of historical landownership and settling patterns in the South (UNC Center for Civil 
Rights, 2006). Many underbounded communities in North Carolina are a result of historical Jim 
Crow and Reconstruction era housing patterns (Gilbert, 2013).  
Of primary concern to many underbounded communities is access to community water 
and sewer services. A paper describing underbounding in various towns across North Carolina 
reports that residents of some underbounded communities have requested annexation from 
neighboring municipalities in order to obtain municipal services (Parnell et al., 2004). Gaining 
access to water and sewer services has been found to be a primary driving force for community 
organizing in many communities (Gilbert, 2013).  
Thus far, most studies of racial disparities in community water and sewer service levels 
have been in the form of case studies in specific cities, counties, and neighborhoods in North 
Carolina. A case study in Mebane describes three historically African American communities 
located within a mile of city limits. Septic system failures and near failing septic systems have 
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been reported in these communities; however, water and sewer pipes run alongside but do not 
pass into them. Even though the Mebane sewer treatment plant is adjacent to one of these 
communities, and trucks removing sewage from the plant drove directly through this 
neighborhood for years, the community itself is unserved by sewer pipes. Sewer lines around 
Mebane extend to businesses and amenities outside of the city, but bypass these communities 
(Cedar Grove Institute, 2003). ETJ regulations can even allow municipalities to route sewage lines 
passing through lower income ETJ neighborhoods to serve higher income, majority white 
neighborhoods on the other side (UNC Center for Civil Rights, 2006). Studies in other areas of 
North Carolina describe similar reliance on individual wells and septic tanks that are often old 
and failing at high rates among other underbounded African American communities (Johnson et 
al., 2004; Joyner & Christman, 2005; Wilson, Heaney, Cooper, & Wilson, 2008b). Additionally, 
a statistical analysis of the role of race in predicting community water service in Wake County, 
North Carolina found that on the census block level, a 10% increase in proportion of a 
population classified as African American increases the odds of not having community water 
service by 3.8% (MacDonald Gibson et al., 2014).  
In order to better understand racial disparities in access to community water and sewer 
services on the fringes of North Carolina municipalities, it is important to understand the extent, 
scope, and location of these issues. This will enable targeted extensions of community water and 
sewer services to disadvantaged communities that would benefit from extension. While African 
American communities in the southern United States residing on the fringes of municipalities are 
the focus of this study, research on social disparities in exposure to drinking water contaminants 
has focused on various minority and marginalized groups throughout the United States: from 
colonias along the US/Mexico border, to unregulated water in the Navajo Nation (Balazs & Ray, 
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2014). While this research focuses on historical racial exclusion from community utility services 
in North Carolina, results also may be relevant to research characterizing underserved 
populations in other parts of the country.  
2. MATERIALS AND METHODS 
In order to examine the relationship between race and community water and sewer 
service levels in municipal fringe areas throughout North Carolina, data reporting water and 
sewer service type, demographic data, and geographic boundaries were collected from existing 
statewide sources. From these sources, data were geographically selected to represent areas 
outside of municipal boundaries but within extraterritorial jurisdictions. All geographical data 
manipulation, mapping, and selection was performed in ArcMap 10.1 (ESRI, Redlands, CA, 
USA). Areas lacking community water and sewer, and racial demographics of these areas were 
summarized and logistic regression was performed to evaluate the statewide relationship 
between race and community water and sewer services. All regressions and statistical analyses 
were performed in RStudio 0.98.501 (RStudio, Boston, MA, USA).  
According to the North Carolina General Statutes, a community water system serves at 
least 15 service connections used by year-round residents or regularly serves at least 25 year-
round residents (North Carolina General Assembly, Article 10). For the purposes of this study, 
community water sources are water sources that fit this definition including both public utilities 
and private companies, while on-site wells are considered individual water sources. Similarly, 
community sewer service includes piped public sewer services, while private on-site septic tanks 
are considered individual sewer systems. 
2.1 Data Collection 
The first category of data needed for this analysis was data reporting community water 
and sewer service levels. The two statewide sources of this data used were (a) 1997 water and 
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sewer distribution pipe shapefiles from the North Carolina Rural Economic Development Center 
and (b) data reporting source of water and sewage disposal in the 1990 U.S. Census obtained 
from the Minnesota Population Center. These two data sources are described in greater detail 
below in section 2.1a.  
 Community water and sewer access was defined for the 1997 water and sewer 
distribution shapefiles at the Census Block level. Census Blocks are the smallest geographic area 
at which the Census collects decennial data. They are bounded by visible features and vary in 
size, with urban blocks often bounded by city streets, while rural blocks may be much larger 
(U.S. Census Bureau, 2001). Block level census demographic data reporting and block 
boundaries from the year 2000 was downloaded from the Minnesota Population Center and used 
to analyze the water and sewer pipe files. 
The 1990 U.S. Census data reporting access to community water and sewer services is 
available at the Census Block Group level. Census Block Groups are the next largest geographic 
scale at which U.S. Census data is collected and are composed of clusters of multiple blocks. 
Block groups generally contain between 600 and 3,000 people (U.S. Census Bureau, 2001). 
Block group level census demographic data reporting and block boundaries from the year 1990 
were downloaded from the Minnesota Population Center and used to analyze the water and 
sewer data from the 1990 U.S. Census. Additional geographic data collected includes ETJ 
boundaries and municipal boundaries. Both of these shapefiles have a geographic coverage area 
of North Carolina. North Carolina ETJ boundaries were compiled by and obtained from Paul 
Black, the Metropolitan Planning Organization (MPO) Coordinator for the Asheville, NC area. 
Municipal boundaries from the year 1994 were obtained from the North Carolina Department of 
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Transportation. These municipal boundaries are based on the North Carolina Powell Bill and are 
documented in the State Archives. All data and sources are displayed in Table 1.  
Table 1. Data types used and corresponding sources. 
Data Type Level File Type Data Source 
1997 Water Distribution 
Pipes and Sewer Pipes 
County Shapefiles NCREDC1 
2000 Census Blocks Block Shapefile www.nhgis.org2 
2000 Census 
Demographic Data: 
      Total Population 
      Race 
      Median Home Value 
 
 
Block (persons) 
Block (persons) 
Block Group (owner 
occupied housing units) 
 
 
2000 Census Short Form 
2000 Census Short Form 
2000 Census Long Form 
www.nhgis.org 
1990 Census Data on 
source of water and 
sewage disposal 
Block Group (housing units) 1990 Census Long Form www.nhgis.org 
1990 Census 
Demographic Data: 
      Total Population 
      Race 
      Median Home Value 
 
 
Block Group (persons) 
Block Group (persons) 
Block Group (owner 
occupied housing units) 
 
 
1990 Census Short Form 
1990 Census Short Form 
1990 Census Short Form 
www.nhgis.org 
1990 Census Block 
Groups 
Block Group Shapefile www.nhgis.org 
Current Extraterritorial 
Jurisdiction Boundaries 
Municipality Shapefile Paul Black, 
Asheville MPO 
Coordinator3 
1994 Municipal 
Boundaries (Powell Bill 
Boundaries) 
Municipality Shapefile NCDOT4 
 1 N.C. Rural Economic Development Center, 1997 
 2 Minnesota Population Center, 2011 
 3 Black, Paul 
 4 North Carolina Department of Transportation, 1994 
 
 Anomalous data were removed from the original block and block group shapefiles 
downloaded. Five block groups with very small areas (less than 300 m2) were removed from the 
year 1990 block group dataset, reducing the number of block groups from 5,695 to 5,690. 
Additionally, 11 blocks with very small areas (less than 150 m2) with a population greater than 0 
were removed from the year 2000 block dataset, reducing the number of blocks from 231,758 to 
231,747. 
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2.1a Water and Sewer Service Data 
The NC Department of Environment and Natural Resources, NC Division of Public 
Health, UNC Center for Civil Rights, UNC Environmental Finance Center, health officials in 
selected counties, and the UNC Library were consulted to identify potential sources of state-wide 
data on neighborhoods with and without community water and sewer service.  Multiple potential 
data sources were identified, including files of service area boundaries maintained by utilities, 
county tax records, the U.S. Census, and NC Rural Economic Development Center files of water 
and sewer pipe locations.  Investigation of these sources revealed that existing service area 
boundaries from North Carolina water and sewer systems show coverage in broad, overly 
inclusive service boundaries (for example, showing entire counties as having access to utility 
services). Tax data indicating utility service status of each tax parcel were available from some 
counties but not others.  The only state-wide data sources found were (a) 1997 water and sewer 
distribution pipe shapefiles from the North Carolina Rural Economic Development Center and 
(b) the 1990 U.S. Census. The 1997 distribution pipe files, then the 1990 U.S. Census data 
reporting source of water and sewage disposal are described below. 
 The North Carolina Rural Economic Development Center (NCREDC) developed a map 
of water and sewer pipes throughout 75 of the 100 North Carolina counties in 1997 (N.C. Rural 
Economic Development Center “Water Distribution Pipes”, N.C. Rural Economic Development 
Center “Sewer Pipes”). These water and sewer pipe files show the locations of private and public 
pipelines at the county level for the 75 counties included (Figure 1). Pipes in these 75 counties 
were mapped by NCREDC because the center mainly compiles data on rural areas of the state, 
and these selected 75 counties are primarily rural. Counties included and excluded from this 
dataset are shown in Figure 1 and Appendix A.  
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Water and sewer pipelines, block boundaries, and all other shapefiles used in this project 
were projected into a uniform projection. All shapefiles were projected into the “NAD 1983 
StatePlane North Carolina FIPS 3200 (Meters)” projection using the “Project” tool within Data 
Management Tools in ArcMap.  
 
Figure 1. Water and sewer pipes in selected 75 North Carolina counties. 
Access in the 75 counties with water and sewer pipe data in the NCREDC file was 
defined at the block level (using year 2000 blocks) by creating two binary variables (one for 
water pipes and one for sewer pipes) in ArcMap. First, blocks intersecting the water pipes were 
selected using the “Select by Location” tool. A value of 1 for the water pipe variable was 
assigned to the selected blocks intersected by the water pipes. The “Switch Selection” tool was 
then used to select all blocks not intersected by the water pipes, and a value of 0 for the water 
pipe variable was assigned to blocks not intersected by the water pipes. The same process was 
used for sewer pipes with a separate sewer pipe variable. Figure 2 is zoomed into a smaller 
portion of Figure 1 and shows how the binary water and sewer pipe variables were assigned. A 
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binary variable was chosen under the assumption that homes in blocks with pipes are served by 
pipes services. 
 
Figure 2. Binary variables reporting presence or absence of water and sewer pipes. 
 
The 1990 U.S. Census contains statewide data on community water and sewer service at 
the block group level. The question regarding form of water and sewer service was last asked in 
1990 because measures for source of water and sewage disposal were classified as non-
mandatory following the 1990 Census. The two questions providing information on water and 
sewer service are as follows: 
 Source of Water: “Do you get water from –  
a) A public system such as a city water department, or private company? 
b) An individual drilled well? 
c) An individual dug well? 
d) Some other source such as a spring, creek, river, cistern, etc?” 
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Sewage Disposal: “Is this building connected to a public sewer? 
a) Yes, connected to a public sewer 
b) No, connected to a septic tank or cesspool 
c) No, use other means” 
In this analysis, response “a)” for both questions was classified as having community 
water/sewer services, and all other responses were classified as lacking community water/sewer 
services. Census responses were imported into ArcMap in CSV format and the number of 
households responding to each option for the source of water and sewage disposal questions 
were recorded and used to calculate the percent of households in each block group with 
community water and sewer services for calculation of summary statistics.   
2.2 Geographical Selection of Fringe Areas 
All demographic data and community water and sewer service data were joined to the 
shapefiles containing block and block group boundaries. Joining the data to their geographic 
location allows for selection of data for analysis by location. The 1990 census data reporting 
community water and sewer service at the block group level was joined to 1990 census block 
groups. The 1997 water and sewer pipe data was joined to year 2000 census blocks and 2000 
census block demographic data. Two separate datasets (the first for year 2000 blocks and the 
second for year 1990 block groups) were created to represent fringe populations in North 
Carolina living in the vicinity of North Carolina extraterritorial jurisdictions but outside of 
municipal boundaries. 
In order to select blocks and block groups fitting these criterion, the percent of land area 
in each polygon for all year 1990 block group and year 2000 blocks overlapping with the ETJ 
and with the municipality were calculated in ArcMap. First, new fields with a unique numerical 
ID for each municipality and ETJ were created in the municipality and ETJ shapefiles. Then the 
polygon shape areas for each municipality, ETJ, block, and block group shapefile were 
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calculated in new fields using the “Calculate Geometry tool”. A spatial Union was created using 
the block group, municipality, and ETJ shapefiles. A second spatial Union was created used the 
block, municipality, and ETJ shapefiles.  The polygons in these Union-ed shapefiles retain fields 
with the original calculated area of the input block or block group polygon, as well as a field 
indicating the area of overlap between the block or block group and the ETJ and municipality.  
From the union-ed files, the “Summary Statistics” tool was used with the sum of shape 
area as the “field”. These summary statistic files were then imported into Microsoft Excel, where 
a pivot table was created with GISJOIN codes as “Rows”, area as “Values” and the ETJ and 
municipality IDs as “Columns”. This table was then re-joined to the attribute tables in ArcMap. 
The percent of area for each block and block group in the ETJ, municipality, or neither was 
calculated by dividing the area of the overlap with the ETJ and municipality by the original block 
or block group area.  
The percent of each year 1990 block group population residing in the ETJ, municipality, 
or neither was approximated by the same approach using a union of the ETJ, municipality, year 
2000 blocks, and year 1990 block groups. The population in each year 2000 block was used to 
approximate the percentage of the population living in each category for year 1990 block groups. 
Year 2000 block populations were used because this data is not available for the year 1990. The 
method described above for shape areas was used again, this time using a population weight 
rather than shape area. For each polygon resulting from the union, the population weight is the 
population of the block multiplied by the Union-ed shape area divided by the original block area. 
Figures 3 and 4 show examples of approximated areas and populations in the ETJ, municipality, 
or neither. The values shown in these figures refer to the blocks and block groups that are 
outlined in turquoise. 
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Figure 3. Approximated areas in each category for blocks. 
 
Figure 4. Approximated areas and populations in each category for block groups.  
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The block, block group, municipal and extraterritorial jurisdiction boundaries and derived 
attributes described above were used to select a subset of all blocks and block groups in North 
Carolina representative of areas on the fringes of municipalities. The fringe areas are defined as 
those in North Carolina ETJs.  The set of year 2000 blocks for analysis was selected from an 
original data set containing all 231,747 blocks in North Carolina and the set of year 1990 block 
groups for analysis was selected from an original dataset containing all 5,695 block groups in 
North Carolina. The final selection of 8,829 blocks and 427 block groups was based upon 
exclusion and inclusion criteria requiring selected blocks and block groups to have a total 
population greater than 0, some overlap with the extraterritorial jurisdiction, and minimal overlap 
with municipalities. Additionally, blocks were selected from the 75 out of 100 North Carolina 
counties having water and sewer pipelines publically available in the shapefile from the 
NCREDC. Specific thresholds and selection criteria for both datasets are shown in Figure 5. 
Specific selection criteria and thresholds for the two datasets differ due to the differing 
geographic scale of the two sets, which made different thresholds more appropriate after visual 
inspection of resulting selections.  
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Figure 5. Selection of blocks and block groups in municipal fringe areas. 
 
 In addition to selecting blocks and block groups in municipal fringe areas, reference 
municipal blocks and block groups were identified, in order to compare municipal service levels 
with those in fringe blocks. Reference municipal blocks were chosen by selecting all blocks 
within the 75 counties with water and sewer pipelines available whose centroid falls within 
municipal boundaries; 44,694 municipal blocks were selected. Reference municipal block groups 
were chosen by selecting all blocks with an estimated 100% of the population within municipal 
boundaries; 1,557 municipal block groups were selected. 
2.3 Descriptive Analysis  
 Data from the selected 8,829 blocks and 427 block groups were imported into RStudio 
for analysis. The total number of individuals lacking community water and sewer services were 
estimated from both datasets by selecting blocks with neither water nor sewer pipes passing 
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through them and block groups with less than 10% of households responding that they have 
community water or sewer service. Additionally, counties, regions, median home value, and 
population density were compared among majority black areas without community water and 
sewer services (areas that are greater than 75% black) and all other areas lacking these services. 
The cutoff of 75% was chosen in order to compare areas that are mostly composed of black 
residents to areas that are not. 
2.4 Regression Analysis 
The variables used in regression analysis include access to community water and sewer, 
percent black, population density, and median home value. P values based on robust variance 
estimators for all parameter estimates were calculated to account for clustering at the block and 
block group level. Robust variance estimators adjust standard errors for correlation in data, and 
are often used for data in which all observations may not be independent, such as data with 
spatial clustering. It is reasonable to expect within these datasets that there may be a higher 
correlation of water and sewer access within counties or regions than among counties and 
regions. Robust variance estimators adjust for this clustering effect. 
2.4a Regression model for block data 
 The outcomes of interest for the block analysis were binary variables representing 
whether or not each block is intersected by water or sewer pipelines. Logistic regression was 
performed using the glm command, the binomial family, and the logit link in R with percent 
black and population density (100 people/mile2) as predictors. Percent black was transformed 
into a categorical variable with the following racial composition categories: 
1. Percent black greater than statewide mean of 22% (n = 2,075)  
2. Percent black greater than 0% but less than or equal to statewide mean of 22% (n = 1,736) 
3. 0% black (n = 5,018) 
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These three categories were chosen in order to provide logical cutoffs for race (ex: very low / no 
percent black, below statewide mean, above statewide mean) and in order to have a relatively 
comparable number of observations in each category.  
2.4b Regression model for block group data 
 The outcomes of interest for the block group analysis were the proportions of households 
in each block group responding that they have community water or sewer services. Binomial 
logistic regression for proportional responses was performed using the glm command, the 
binomial family, and the logit link in R. Predictor variables were percent black, population 
density (100 people/mile2), and median home value (/$10,000). Again, percent black was 
transformed into a categorical variable for regression analysis, this time with the following racial 
composition categories: 
1. Percent black greater than statewide mean of 22% (n = 109)  
2. Percent black greater than 1% but less than or equal to statewide mean of 22% (n = 223) 
3. Percent black less than or equal to 1%  (n = 95) 
3. RESULTS 
3.1 Characteristics of Fringe Areas Selected for Analysis 
 
To identify populations on the fringes of North Carolina cities and towns that may be 
under-served by community water and sewer services, the two most recent state-wide data 
sources on water and sewer service levels were analyzed: 1997 NCREDC data on service at the 
census block level in 75 NC counties and 1990 U.S. Census data on service at the block group 
level in all 100 counties. Of 432,200 people living in municipal fringe areas (Figure 6) in the 75 
counties covered by the NCREDC data as of the year 2000, an estimated 289,801 (67%) were 
unserved by sewer pipes, 143,275 (33%) were unserved by water pipes, and 122,764 (28%) were 
served by neither (Table 2). Of 520,405 people living in municipal fringe census blocks (Figure 
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7) as of the 1990 Census, 380,370 (73%) lived in block groups with levels of community sewer 
service below 10%, 161,394 lived (31%) in block groups with community water service levels 
below 10%, and 158,791 (31%) lived in block groups with both service below levels of 10% 
service (Table 2).  No state-wide data on water and sewer service levels have been collected 
since 1997, so more recent estimates of water and sewer service in municipal fringe areas are not 
possible. 
 
Figure 6. U.S. Census blocks in municipal extraterritorial jurisdictions in which water and sewer 
service levels were analyzed using the NC Rural Economic Development Center 1997 data set. 
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Figure 7. U.S. Census block groups in municipal extraterritorial jurisdictions in which water and 
sewer service levels were analyzed using 1990 U.S. Census data.   
 
Table 2. Populations unserved by community water and sewer in selected fringe areas.  
 BLOCKS Total Population Number of Blocks 
No Water Pipes and No Sewer Pipes 122,764 3,659 
No Water Pipes 143,275 4,171 
No Sewer Pipes 289,801 6,611 
Total in Selected Fringe Areas (75 Counties) 432,200 8,829 
 BLOCK GROUPS Total Population Number of Block Groups 
Less than 10% with Community Water and Sewer 158,791 147 
Less than 10% with Community Water 161,394 151 
Less than 10% with Community Sewer 380,370 321 
Total in Selected Fringe Areas 520,405 427 
 
 To compare community water and sewer service levels in municipal fringe areas with 
service levels in the adjacent municipalities, service and demographic data was also analyzed for 
all blocks with centroids within municipal boundaries and block groups with 100% of the 
population in municipal boundaries. The set of selected fringe blocks have a smaller proportion 
with water and sewer pipes passing through blocks than the set of reference municipal blocks. 
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On average, 53% of the selected fringe blocks have water pipes passing through them as 
compared to 81% of the municipal blocks. Likewise, on average 25% of the selected fringe 
blocks have sewer pipes passing through as compared to 71% of the municipal blocks. Similarly, 
the set of selected fringe blocks groups have lower levels of community water and sewer service 
than the municipal block groups summarized; on average 33% of fringe block groups have 
community water (compared to 97% of municipal block groups), and 8% of fringe block groups 
have community sewer (compared to 95% of municipal block groups). For all datasets, more 
areas are served by community water than community sewer. Other selected descriptive statistics 
comparing fringe areas to municipal areas can be found in Appendix B.  
3.2 Characteristics of Race in Areas Lacking Community Water and Sewer` 
 To further explore the role of race in community water and sewer service levels, 
demographic characteristics between areas with ≥ 75% and < 75% black residents were 
compared. The cutoff of 75% was chosen in order to compare areas that are mostly composed of 
black residents to areas that are not. A cutoff of 75% was chosen over a simple majority of above 
50% in order to look at a smaller set of areas that are predominantly black. This comparison 
focuses on areas lacking both community water and sewer services because these areas are at the 
greatest risk of potential cross contamination between on-site septic tanks and wells. Of the 
3,659 blocks without water or sewer pipes, there are 315 blocks (representing 7,860 people) 
which a population classified as greater than or equal to 75% black and 3,344 blocks 
(representing 114,904 people) that are less than 75% black (Table 3).  
Table 3. Total population and number of blocks in each fringe block category. 
 Fringe blocks, no water 
and sewer pipes 
Fringe blocks, no water and 
sewer pipes, < 75% black 
Fringe blocks, no water and 
sewer pipes, ≥ 75% black 
Total population 122,764 114,904 7,860 
Number of blocks 3,659 3,344 315 
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 Comparison of demographic characteristics in fringe blocks without water and sewer 
pipes that are less than and greater than 75% black shows that blocks that are greater than 75% 
black have a higher median population density and are located in block groups with lower 
median home values (Figure 8).  
 
Figure 8. Comparison of median population density and block group median home value 
between majority black blocks without water and sewer pipes and other blocks without water and 
sewer pipes. 
 Of the 427 fringe block groups, there are 147 block groups in which less than 10% of 
respondents were served by both community water and sewer services, accounting for 158,791 
people. All 147 of these block groups are classified as less than 75% black, and only 3 of these 
block groups (containing 158,791 people) with service levels below 10% are greater than 50% 
black (Table 4). Because the block group data shows that there are almost no block groups 
classified as majority black, while finer resolution block level data show that these groups exist, 
the block level data, and not the block group level data, were used for all further comparison of 
majority black and non-majority black areas.  
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Table 4. Total population and number of block groups in fringe block group categories. 
 Fringe block 
groups, < 10% 
community 
water and sewer 
Fringe block groups, 
< 10% community 
water and sewer, < 
75% black 
Fringe block groups, < 
10% community water 
and sewer, ≥ 75% 
black 
Fringe block groups, < 
10% community water 
and sewer, ≥ 50% black 
Total 
population 
158,791 158,791 0 158,791 
Number of 
block groups 
147 147 0 3 
 
3.3 Regression Analysis 
 To assess the potential role of race in community water and sewer access in fringe areas, 
logistic regressions of both the block-level water and sewer pipe location data and the block-
group-level community water and sewer access data were performed. Both sets of results suggest 
that areas with higher proportions of black residents compared to the state mean (22%) may have 
significantly lower odds of access to community water services than areas with 1-22% of the 
population proportion classified as black. On the other hand, blocks with no black residents and 
block groups with less than 1% of the population composed of black residents may have lower 
odds of community water and sewer service levels than those with higher proportions of black 
residents.  
 Multivariate logistic regression with a binary outcome representing whether water and 
sewer pipes pass through a given block resulted in odds ratios reported below in Table 5. The 
variable reporting race was broken up into three categories in order to provide logical cutoffs for 
race (ex: very low / no percent black, below statewide mean, above statewide mean) and in order 
to have a relatively comparable number of observations in each category. Controlling for 
population density, blocks that are between 0% and 22% black have 1.3 times greater odds 
having a water pipe than the reference group (greater than 22 % black). Conversely, blocks that 
are 0% black have 0.6 times lower odds of having a water pipe than those that are greater than 
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22% black. Examining the odds of sewer pipe presence while controlling for population density, 
blocks that are between 0% and 22% black do not have significantly different odds of having a 
sewer pipes than the reference group (greater than 22 % black). Similar to water pipes, blocks 
that are 0% black have 0.6 times lower odds of having sewer pipes than blocks that are greater 
than 22% black (Table 5). 
Table 5. Multivariate logistic regression odds of having a water and sewer pipe in selected 
blocks. 
 Water Pipes Sewer Pipes 
 Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value 
Intercept    1.47 (1.34 - 1.62) < 0.001   0.460 (0.411 - 0.513) < 0.001 
Percent Black > 22 % (reference)    1.00 N/A    1.00 N/A 
Percent Black > 0% and ≤ 22 %     1.29 (1.13 - 1.47) < 0.001    1.00 (0.873 - 1.15) 0.964 
Percent Black = 0%     0.631 (0.569 - 0.700) < 0.001   0.644 (0.573 - 0.724) < 0.001 
Population Density (100 people/ mile2)    0.995 (0.992 - 0.998) < 0.001   0.992 (0.987 - 0.999) 0.0131 
 
 Regression using a binomial logistic regression model for proportional responses resulted 
in odds ratios representing odds of having community water and sewer services reported in Table 
6 with race as a categorical variable. For the race categories, the odds ratio represents the odds of 
having water or sewer pipes in either racial category as compared to the reference group (greater 
than 22% black). At marginally significant levels, block groups with 1-22% of the population 
identifying as black have 1.4 times greater odds and block groups with less than 1% black have 
1.5 times greater odds than the reference block groups with greater than 22% of the population 
identified as black. With odds of community sewer service as the outcome, both categories 
having less than 22% of the population classified as black have lower odds of community water 
service than block groups that are greater than 22% black; however, these odds ratios are not 
statistically significant (Table 6).  
 
 
  25 
 
Table 6. Binomial logistic regression odds of having community water and sewer service in 
selected block groups with race as a predictor. 
 Community Water Community Sewer 
 Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value 
Intercept    0.396 (0.299 - 0.525) < 0.001   0.106 (0.0740 - 0.153) < 0.001 
Percent Black > 22 % (reference)    1.00 N/A   1.00 N/A 
Percent Black > 1% and ≤ 22 %     1.35 (0.961 - 1.90) 0.0834   0.903 (0.578 - 1.41) 0.655 
Percent Black ≤ 1%    1.48 (0.9998 - 2.20) 0.0511   0.832 (0.486 - 1.42) 0.502 
 
 When median home value and population density are added to the binomial logistic 
regression model, odds of having community water are not statistically significant between the 
different racial composition categories. However, block groups in both categories with percent 
black less than 22% have approximately 0.6 times lower odds of community sewer service than 
block groups classified as greater than 22% black (Table 7).  
Table 7. Binomial logistic regression odds of having community water and sewer service in 
selected block groups with race, median home value, and population density as predictors. 
 Community Water Community Sewer 
 Odds Ratio (95% CI) P Value Odds Ratio (95% CI) P Value 
Intercept    0.234 (0.160 - 0.341) < 0.001 0.0375 (0.0260 - 0.0541) < 0.001 
Percent Black > 22 % (reference)    1.00 N/A 1.00 N/A 
Percent Black > 1% and ≤ 22 %     0.963 (0.679 - 1.36) 0.831 0.572 (0.384 - 0.852) 0.00599 
Percent Black ≤ 1%    1.07 (0.729 - 1.58) 0.716 0.557 (0.342 - 0.906) 0.0183 
Median Home Value ($10,000)    1.03 (0.974 - 1.08) 0.353 1.12 (1.06 - 1.18) < 0.001 
Population Density (100 people/ mile2)    1.30 (1.20 - 1.40) < 0.001 1.21 (1.16 - 1.26) < 0.001 
 
3.4 Geographic Distribution of Areas Lacking Community Water and Sewer Service 
To further examine the geographic distribution of areas lacking community water and 
sewer service, the sum of the population for each block group in every respective county was 
calculated for each fringe block category described in section 3.2. Additionally, the proportion of 
fringe blocks in each North Carolina region were calculated for each fringe block category. The 
blocks without pipes that are greater than versus less than 75% black have different counties with 
the largest population in the block subsets. The counties with largest fringe block populations 
without service that are less than 75% black include Johnston, Carteret, and Surry, while the 
counties with the largest fringe block populations without service greater than 75% black include 
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Duplin, Columbus, and Pitt (Table 8). See Appendix C for a list of all county populations in each 
fringe group.  
Table 8. Counties with the highest population in each subset of fringe blocks. 
 All fringe blocks Fringe blocks, no 
water and sewer 
pipes 
Fringe blocks, no 
water and sewer 
pipes, < 75% black 
Fringe blocks, no 
water and sewer 
pipes, ≥ 75% black 
Counties with 
highest population 
in subset 
(population within 
county and 
subset) 
Johnston (27,728) 
Pitt (23,686) 
Onslow (22,765) 
Buncombe (17,229) 
Robeson (15,474) 
Cleveland (15,089) 
Burke (14,602) 
Surry (13,196) 
Moore (13,180) 
Iredell (12,770) 
Johnston (14,743) 
Carteret (9,783) 
Surry (7,988) 
Onslow (6,898) 
Moore (5,775) 
Iredell (5,658) 
Chatham (4,541) 
Granville (3,107) 
Wilson (3,016) 
Franklin (2,948) 
 
Johnston (14,549) 
Carteret (9,778) 
Surry (7,971) 
Onslow (6,894) 
Moore (5,592) 
Iredell (5,147) 
Chatham (4,373) 
Granville (3,106) 
Wilson (2,837) 
Franklin (2,769) 
 
Duplin (783) 
Columbus (753) 
Pitt (669) 
Iredell (511) 
Scotland (474) 
Montgomery (460) 
Sampson (410) 
Vance (390) 
Hoke (366) 
Lenoir (301) 
Stokes (301) 
Of the fringe blocks without water and sewer pipes, a higher proportion of blocks that are 
majority black are located in the Coastal Plain region of North Carolina (68%) than for blocks 
that are less than 75% black (41 %). Additionally, the Mountain region composes the smallest 
proportion of both groups, but only 1% of the fringe majority black blocks without pipes are in 
the Mountain region, compared to 16% in blocks that are less than 75% black (Figure 9).  
 
Figure 9. Proportion of fringe blocks without water and sewer pipes that are less than and 
greater than 75% black that are located in each North Carolina region. 
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4. DISCUSSION 
The primary objectives of this study were to identify publically available, state-wide data 
sources on water and sewer service access in NC municipal fringe areas in order to identify areas 
at risk of exclusion from community water and sewer services and to analyze the role of race in 
access to these services.  The analysis found that up-to-date statewide data on water and sewer 
access are unavailable, but two data sources provide information on the historical status of water 
and sewer service in the post-Civil Rights era: the 1997 data set of water and sewer pipe 
locations from the NC Rural Economic Development Center (covering 75 of NC’s 100 counties) 
and the 1990 U.S. Census (covering all counties but available only at block group resolution). 
The former shows that as of the year 2000, 122,764 people in fringe areas in the 75 counties 
included lived in blocks unserved by both water and sewer pipes.  The Census data shows that in 
1990, 158,791 people in all NC fringe areas lived in block groups in which less than 10% of 
households have community water and sewer services. A comparison of areas that are greater 
than 75% black (majority black) and less than 75% black among unserved blocks shows that 
unserved majority black blocks have a higher population density (440 people / mile2 compared to 
378 people / mile2) and lower median home value ($63,100 compared to $84,200) than other 
unserved fringe blocks. Regression analysis of the selected fringe blocks indicated that when 
controlling for population density, blocks that are greater than 22% black (above the statewide 
mean) have 0.3 times lower odds of having water pipes, but not sewer pipes, than blocks that are 
between 0% and 22% black (below the statewide mean). Fringe blocks that are 0% black have 
the lowest odds of having both a water and sewer pipe passing through the block. Regionally, 
majority black areas without community service have a higher proportion in the Coastal Plain 
region and a very small proportion in the Mountain region (1% compared to 16% for other 
unserved blocks).  
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Interpretations. Results for the 1990 block groups showed that there were no under-
served block groups in the fringe dataset fitting the criteria of greater than 75% black and only 3 
that are greater than 50% black, while finer spatial resolution block level data shows that these 
groups exist. Therefore, conclusions are drawn from the regression analysis of the 1997 water 
and sewer pipe data, because this dataset contains a larger sample size and has sufficient detail to 
reflect on racial differences in service, while it is difficult to draw reliable conclusions regarding 
racial disparities from the 427 selected fringe block groups.  
Results from the water and sewer pipe data analysis suggest two main trends:  that there 
may be more racial disparities in provision of fringe services for community water service than 
community sewer services, and that there are two separate unserved groups of differing racial 
and socioeconomic status. Because fringe areas with no African American population (0% black) 
have the lowest odds of community water and sewer services and results show that fringe 
populations generally have a lower proportion African American than municipal areas suggests a 
suburbanization effect. Movement of wealthier, white populations outward and away from 
central municipalities and of non-white populations towards more densely-populated areas 
within municipal boundaries that are served by community water and sewer services is possible. 
These results also may be indicative of a spill-over effect into fringe areas from municipal areas 
of historical benefits of water and sewer benefits for African Americans in municipalities as 
described in detail in Werner Troesken’s “Water, Race, and Disease”. Troesken describes the 
significant historical public health benefits for African Americans in urban settings from 
improvements in urban water and sewer systems (Troesken, 2004).  
Results summarizing areas unserved by water and sewer pipes show that majority black 
unserved areas are more densely populated and have lower median home values than other 
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unserved areas. This supports anecdotal evidence of densely populated racially underbounded 
communities with decreased home values as a result of no water and sewer services (Johnson et 
al., 2004; Joyner & Christman, 2005; Wilson et al., 2008b). The findings of this analysis contrast 
with case studies describing African American communities denied sewer services on the fringes 
of Mebane and those investigating excluded African American neighborhoods in Moore County 
that lack water and sewer services (Johnson et al., 2004; Joyner & Christman, 2005; Wilson et 
al., 2008b). This can be attributed to the fact that these previous case studies were based on areas 
known to have disenfranchised and excluded communities on the fringes of municipalities, while 
this research has included all fringe areas across the state. Also, more complex trends in the 
relationship between race and community water and sewer services may be observed in this 
analysis because many studies of underbounding in the South have studied primarily fringe areas 
that are majority black or have made comparisons between race in specific fringe areas and 
adjacent municipalities (Aiken, 1987; Lichter, Parisi, Grice, & Taquino, 2007). However fringe 
areas in this analysis have a lower population proportion black than municipal populations, and 
racial comparisons were not made between specific fringe areas and their nearest municipality. 
These comparisons could be made in future analyses to provide more detailed information. 
Both this analysis and the case studies described showing African American communities 
lacking water and sewer services on the fringes of North Carolina municipalities are not current 
(Johnson et al., 2004; Joyner & Christman, 2005; Wilson et al., 2008b). Between the time of 
publication of the case studies mentioned and the present day, some of the excluded areas in 
Moore County and Mebane have made progress towards gaining community water and sewer 
service, while others are still lacking these services. Communities that did gain access did so 
through the use of EPA grants and Community Development Block Grants or through 
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annexation. Moore County communities have made the most progress, following publicity from 
an article in the New York Times on the exclusion of African American communities in 
Southern Pines. Excluded communities in Mebane still face challenges, but some neighborhoods, 
such as in West End have been able to obtain services through an EPA grant.  
Additionally, the results of this analysis differ in part from the study in Wake county, 
which found that a 10% increase in proportion of a population classified as African American 
increases the odds of not having community water service by 3.8% (MacDonald Gibson et al., 
2014). This difference can be attributed in part to the use of race as a categorical variable and in 
part to differences in scale. A similar relationship to the Wake County analysis was seen in the 
block analysis finding that blocks between 0% and 22% black have higher odds of having water 
pipes than blocks that are greater than 22% black.  
Limitations. Because the data sources reporting community water and sewer service 
levels are both more than 15 years old (dated 1990 and 1997), this analysis represents a historical 
(rather than present-day) examination of the relationship between race and community water and 
sewer services. Another dataset limitation is that the ETJ boundaries and municipal boundaries 
are not all from the same year as the block and block group boundaries. Thus, it must be assumed 
that these boundaries have not undergone significant changes. The ETJ shapefile obtained is not 
for official use, and there may be errors of omission or inclusion in this dataset. Additionally, 
estimation of year 1990 block group population in the ETJ, municipality, and neither is based on 
the assumption that year 2000 block boundaries and year 1990 block boundaries and populations 
sizes are not significantly different. 
The binary coding of water and sewer pipes as a proxy for community water and sewer 
service is based upon the assumption that individuals living in a block intersected by pipes are 
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served by these pipes, and block analysis based on water and sewer pipes is limited to the 75 
counties included in the water and sewer pipe dataset. Due to selection criteria for fringe blocks 
and block groups, some selected fringe areas may include a small proportion of blocks and block 
groups representing partially municipal populations. All calculations are based on assumptions of 
uniform population distribution across blocks and block groups. Because robust errors were used 
to account for spatial clustering in this analysis rather than utilizing spatial regression model, 
detailed analysis of geographic variations in values and associated standard errors cannot be 
made. Future analyses may utilize spatial regression models in order to look more closely at 
geographic variation in the data throughout the state. 
Generalizability. Results of this analysis are representative of fringe blocks and block 
groups in North Carolina, where fringe areas are defined as those outside of municipal borders, 
but overlapping with the ETJ. Results may be generalized to other areas of the southern United 
States with similar housing and residential patterns to North Carolina. This study is the first 
systematic, state-wide analysis of access to community water and sewer services, as well as the 
relationship between race and community water and sewer service, in North Carolina. The 
methodology and data collection process used in this study can be used to inform future state-
wide studies of community water and sewer service in North Carolina as well as in in other areas 
of the United States, and the results can be used to inform decisions regarding extension of 
community water and sewer services to under-served areas on the municipal fringe.  
5. CONCLUSIONS 
 This analysis approximates that as of the year 2000, of 432,200 people in municipal 
fringe areas in the 75 counties with water and sewer pipes in the file used, 67% and 33% lacked 
community sewer and water service, respectively.. The status of water and sewer service in the 
remaining 25 counties as of 2000 is unknown, and more recent data on water and sewer service 
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coverage are not available.  Census block level data in the 75 counties included in the water and 
sewer pipe file used show that among blocks with a mixture of African American and non-
African American populations, those with a higher proportion of the population identifying as 
African American have lower odds of water pipes, but not sewer pipes. However, blocks with no 
African American population have the lowest odds of water and sewer pipes. This may represent 
wealthy suburban areas that do not desire community water and sewer connections. Additionally, 
among unserved blocks in the dataset, majority African American blocks have higher population 
density and lower median home values than other areas unserved by water and sewer pipes. 
These findings demonstrate the importance of taking into account two different groups living in 
fringe populations; low socioeconomic status, mainly minority groups that would desire and 
benefit from extension of community water and sewer services, and high income suburban 
groups that may not desire extension of community water and sewer services. Some of these 
higher income suburban groups oppose annexation and extension of water and sewer services 
due to the higher taxes and fees associated with these actions. Due to personal preference and 
greater economic ability to maintain private wells and install filtration if needed, many of these 
homes prefer private systems. The higher income suburban groups have lower population 
densities, so they are also less likely to suffer from diarrheal disease resulting from septic system 
failure according to previous research, which finds a positive association between septic system 
density and diarrheal illness (Borchardt, Chyou, DeVries, & Belongia, 2003). 
Up-to-date and complete data on community water and sewer services should be 
collected by the state of North Carolina, preferably at the block or parcel level. The North 
Carolina Department of Health could initiate a project to compile tax parcel data on community 
water and sewer service levels from all counties, counties could be required to show water and 
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sewer service in tax parcels, or a question reporting type water and sewer service could be added 
back into the U.S. Census form. This data should be used to identify low socioeconomic status, 
mainly minority groups that would desire and benefit from extension of community water and 
sewer services. Prioritizing extension of water first may be considered as there seem to be greater 
racial disparities in the provision of community water services. In the meantime, data in this 
report showing that majority African American populations lacking services are mainly on the 
fringes of municipalities in the Coastal Plain, and the detailed GIS datasets showing areas 
without service, can be used to target extension of community water and sewer services to 
excluded communities in these areas to reduce public health disparities in North Carolina.  
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Appendix A. List of the North Carolina counties included and excluded from the 1997 
NCREDC water and sewer pipe files 
 
75 Counties included in 1997 NCREDC files 25 Counties excluded from 1997 NCREDC 
files 
Alexander Franklin Onslow                             Alamance 
Alleghany Graham Pasquotank                             Anson 
Ashe Granville Pender                             Cabarrus 
Avery Greene Perquimans                             Catawba 
Beaufort Halifax Pitt                             Cumberland 
Bertie Harnett Polk                             Currituck 
Bladen Haywood Richmond                             Davidson 
Brunswick Henderson Robeson                             Durham 
Buncombe Hertford Rutherford                             Edgecombe 
Burke Hoke Sampson                             Gaston 
Caldwell Iredell Scotland                             Gates 
Camden Jackson Stanly                             Guilford 
Carteret Johnston Stokes                             Hyde 
Caswell Jones Surry                             Mecklenburg 
Chatham Lee Swain                             Nash 
Cherokee Lenoir Transylvania                             New Hanover 
Chowan Lincoln Union                             Orange 
Clay Macon Vance                             Pamlico 
Cleveland Madison Warren                             Person 
Columbus Martin Washington                             Randolph 
Craven Mcdowell Watauga                             Rockingham 
Dare Mitchell Wilkes                             Rowan 
Davie Montgomery Wilson                             Tyrrell 
Duplin Moore Yadkin                             Wake 
Forsyth Northampton Yancey                             Wayne 
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Appendix B. Selected descriptive statistics comparing fringe areas to municipal areas. 
 
Summary statistics for community water and sewer access and demographic variables in selected 
fringe blocks (reference municipal blocks) 
n = 8,829 (n = 44,694) Mean Median Range 
Proportion with Water Pipe 0.53 (0.81) 0.00 (1.00) 0.00 – 1.00 (0.00 – 1.00) 
Proportion with Sewer Pipe 0.25 (0.71) 0.00 (1.00) 0.00 – 1.00 (0.00 – 1.00) 
Proportion of Population Black 0.17 (0.18) 0.00 (0.00) 0.00 – 1.00 (0.00 – 1.00) 
Median Home Value, Block Group ($) $87,220 ($89,240) $80,900 ($78,800) $23,400 - $365,400 ($0 - $479,100) 
Population Density (people/ mile2) 1,275 (2,215) 342 (1,094) 0.42 – 213,100 (0 – 293,200) 
 
 
Summary statistics for community water and sewer access and demographic variables in selected 
fringe block groups (reference municipal block groups) 
n = 427 (n = 1,557) Mean Median Range 
Proportion with Community Water 0.33 (0.97) 0.21 (1.00) 0.00 – 1.00 (0.00 – 1.00) 
Proportion with Community Sewer 0.08 (0.95) 0.03 (1.00) 0.00 – 1.00 (0.00 – 1.00) 
Proportion of Population Black 0.14 (0.36) 0.07 (0.21) 0.00 – 0.96 (0.00 – 1.00) 
Median Home Value ($) $62,660 ($68,930) $58,500 ($56,200) $16,000 - $236,300 ($0 - $468,500) 
Population Density (people/ mile2) 249 (2,975) 135 (2,568) 7 – 7,629 (0 – 22,120) 
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Appendix C. All county populations in each fringe group. 
 
All fringe blocks Fringe blocks, no water and 
sewer pipes 
Fringe blocks, no water and 
sewer pipes, < 75% black 
Fringe blocks, no water and 
sewer pipes, ≥ 75% black 
County 
Unserved 
Fringe 
Population 
County 
Unserved 
Fringe 
Population 
County 
Unserved 
Fringe 
Population 
County 
Unserved 
Fringe 
Population 
Johnston 27,728 Johnston 14,743 Johnston 14,549 Duplin 783 
Pitt 23,686 Carteret 9,783 Carteret 9,778 Columbus 753 
Onslow 22,765 Surry 7,988 Surry 7,971 Pitt 669 
Buncombe 17,229 Onslow 6,898 Onslow 6,894 Iredell 511 
Robeson 15,474 Moore 5,775 Moore 5,592 Scotland 474 
Cleveland 15,089 Iredell 5,658 Iredell 5,147 Montgomery 460 
Burke 14,602 Chatham 4,541 Chatham 4,373 Sampson 410 
Surry 13,196 Granville 3,107 Granville 3,106 Vance 390 
Moore 13,180 Wilson 3,016 Wilson 2,837 Hoke 366 
Iredell 12,770 Franklin 2,948 Franklin 2,769 Lenoir 301 
Carteret 12,594 Beaufort 2,559 Beaufort 2,292 Stokes 301 
Henderson 12,059 Columbus 2,497 Henderson 2,246 Robeson 281 
Caldwell 11,813 Vance 2,481 Buncombe 2,226 Beaufort 267 
Wilkes 11,634 Duplin 2,444 Forsyth 2,141 Johnston 194 
Stokes 8,945 Henderson 2,246 Vance 2,091 Richmond 186 
Haywood 8,807 Buncombe 2,226 Stanly 2,005 Moore 183 
Chatham 8,450 Forsyth 2,141 Haywood 2,002 Franklin 179 
Harnett 8,320 Stokes 2,102 Ashe 1,860 Wilson 179 
Franklin 8,305 Sampson 2,095 Stokes 1,801 Chatham 168 
Richmond 8,203 Stanly 2,055 Watauga 1,760 Craven 102 
Wilson 8,093 Haywood 2,002 Brunswick 1,748 Northampton 97 
Vance 7,890 Ashe 1,860 Columbus 1,744 Brunswick 90 
Lenoir 7,239 Brunswick 1,838 Sampson 1,685 Bladen 89 
Sampson 7,226 Pitt 1,836 Duplin 1,661 Cleveland 71 
Duplin 7,218 Watauga 1,760 Richmond 1,456 Washington 65 
Granville 6,895 Montgomery 1,738 Yadkin 1,444 Stanly 50 
Montgomery 6,094 Richmond 1,642 Caldwell 1,388 Hertford 44 
Brunswick 6,058 Yadkin 1,457 Cleveland 1,328 Harnett 34 
Lincoln 5,825 Cleveland 1,399 Montgomery 1,278 Warren 29 
Beaufort 5,755 Caldwell 1,392 Pitt 1,167 Pender 28 
Columbus 5,735 Robeson 1,153 Rutherford 1,083 Surry 17 
Stanly 5,660 Lenoir 1,148 Wilkes 1,083 Alexander 13 
Forsyth 5,622 Rutherford 1,091 Harnett 907 Yadkin 13 
Watauga 4,756 Wilkes 1,087 Robeson 872 Halifax 11 
Yadkin 4,716 Scotland 1,060 Madison 858 Greene 10 
Rutherford 4,484 Harnett 941 Burke 849 Rutherford 8 
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Davie 4,193 Madison 858 Lenoir 847 Carteret 5 
Bladen 4,086 Burke 849 Macon 831 Guilford 5 
Lee 3,728 Macon 831 Wake 703 Caldwell 4 
Macon 3,670 Wake 703 Guilford 627 Martin 4 
Halifax 3,393 Bladen 651 Pender 618 Onslow 4 
Warren 3,048 Pender 646 Scotland 586 Transylvania 4 
Alexander 2,928 Guilford 632 Lincoln 576 Wilkes 4 
Ashe 2,678 Craven 596 Bladen 562 Bertie 2 
Craven 2,507 Lincoln 576 Transylvania 557 Alleghany 1 
Pasquotank 2,387 Transylvania 561 Craven 494 Granville 1 
Transylvania 2,256 Avery 477 Avery 477   
Scotland 2,253 Gaston 461 Gaston 461   
Washington 2,197 Union 427 Union 427   
Union 2,166 Hoke 400 Washington 287   
Hoke 2,078 Washington 352 Rockingham 285   
Madison 1,785 Rockingham 285 Catawba 264   
Greene 1,717 Catawba 264 Alleghany 258   
Polk 1,479 Alexander 260 Alexander 247   
Northampton 1,474 Alleghany 259 Davie 229   
Hertford 1,244 Davie 229 Bertie 222   
Alleghany 1,225 Bertie 224 Pasquotank 221   
Pender 931 Pasquotank 221 Lee 203   
Jackson 722 Lee 203 Warren 157   
Wake 703 Warren 186 Greene 123   
Avery 645 Northampton 169 Halifax 110   
Guilford 632 Greene 133 Mecklenburg 89   
Bertie 556 Halifax 121 Jackson 80   
Gaston 461 Mecklenburg 89 Northampton 72   
Rockingham 285 Jackson 80 Dare 67   
Catawba 264 Dare 67 Edgecombe 64   
Martin 166 Edgecombe 64 Polk 64   
Mecklenburg 89 Polk 64 Martin 44   
Dare 67 Hertford 63 Hoke 34   
Edgecombe 64 Martin 48 Hertford 19   
Wayne 8 Wayne 8 Wayne 8   
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